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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st external terminal linked to the input of receiving amplifier and said receiving amplifier, 
and the 2nd external terminal linked to the output of transmitting amplifier and said transmitting amplifier. 
The integrated circuit equipped with the 3rd and 4th external terminals which connected the other end of 
the 1st and 2nd switches which grounded one end, and said 1st and 2nd switches, respectively. Have the 
1st and 2nd reactive elements and antenna terminals, and said 1st external terminal and said 3rd external 
terminal are connected. The transmitter-receiver by which said 2nd external terminal and said 4th external 
terminal were connected, one end of said 1st and 2nd reactive elements was connected to said 3rd and 
4th external terminals, respectively, and the other end of said 1st and 2nd reactive elements was 
connected to said antenna terminal. 

[Claim 2] Receiving amplifier, transmitting amplifier, and one end The integrated circuit equipped with the 
3rd external terminal which connected the other end of said 2nd switch with the 2nd external terminal 
connected with the 1st external terminal which connected the 1st and 2nd grounded switches, the input of 
said receiving amplifier, and the other end of said 1st switch at the output of said transmitting amplifier. 
Have the 1st and 2nd reactive elements and antenna terminals, and said 2nd external terminal and said 3rd 
external terminal are connected. The transmitter-receiver by which one end of said 1st and 2nd reactive 
elements was connected to said 1st and 3rd external terminals, respectively, and the other end of said 1st 
and 2nd reactive elements was connected to said antenna terminal. 

[Claim 3] Receiving amplifier, transmitting amplifier, and one end The integrated circuit equipped with the 
3rd external terminal which connected the other end of said 2nd switch with the 2nd external terminal 
connected with the 1st external terminal which connected the 1st and 2nd grounded switches, the output 
of said transmitting amplifier, and the other end of said 1st switch at the input of said receiving amplifier. 
Have the 1st and 2nd reactive elements and antenna terminals, and said 2nd external terminal and said 3rd 
external terminal are connected. The transmitter-receiver by which one end of said 1st and 2nd reactive 
elements was connected to said 1st and 3rd external terminals, respectively, and the other end of said 1st 
and 2nd reactive elements was connected to said antenna terminal. 

[Claim 4] The integrated circuit equipped with the 2nd external terminal which connected the 1st external 
terminal which connected receiving amplifier, transmitting amplifier, the 1st and 2nd switches that 
grounded one end, the input of said receiving amplifier, and the other end of said 1 st switch, the output of 
said transmitting amplifier, and the other end of said 2nd switch, The transmitter-receiver by which it had 
the 1st and 2nd reactive elements and antenna terminals, one end of said 1st and 2nd reactive elements 
was connected to the 1st and 2nd external terminals, respectively, and the other end of said 1st and 2nd 
reactive elements was connected to said antenna terminal. 

[Claim 5] A switch is a transmitter-receiver according to claim 1 , 2, 3, or 4 constituted by the FET 
component 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is mainly used for a cellular phone, a pager, or a tele terminal, and 
relates to the transmitter-receiver which integrated-circuit-ized a part for the principal part of a 
transceiver circuit especially. 
[0002] 

[Description of the Prior Art] Drawing 5 is the block diagram showing the configuration of the conventional 
transmitter-receiver. 

[0003] drawing 5 — setting — 2 — receiving amplifier and 3 — a receiving circuit and 4 — transmitting 
amplifier and 5 — a sending circuit and 8 — the 1st external terminal and 9 — the 2nd external terminal 
and 10 — the 3rd external terminal and 11 — for a matching circuit and 16, as for the 1st integrated 
circuit and 102, an antenna and 101 are [ the 4th external terminal and 14 / an antenna terminal and 15 / 
the 2nd integrated circuit and 103 ] switches. 

[0004] Actuation of the conventional transceiver circuit is explained first. The 1 st and 2nd integrated 
circuits 101 and 102 are the monolithic ICs which constituted the circuit to silicon substrate superiors, 
respectively. 

[0005] In reception actuation, the input signal inputted into the antenna 16 is first supplied to the antenna 
terminal 14 prepared in the 1st integrated circuit 101. Furthermore, said input signal is outputted from the 
1st external terminal 8 via a switch 103. The switch inserted between said antenna terminal 14 and the 1st 
external terminal 8 here is arranged to a serial and a gland at a shunt at a signal line, and its switch of ON 
and shunt arrangement is [ the switch of serial arrangement ] off. On the other hand, although the switch 
inserted between the antenna terminal 14 and the 2nd external terminal 9 is arranged similarly at the serial 
and the shunt, the switch of OFF and shunt arrangement serves as [ the switch of serial arrangement ] 
ON. Therefore, the impedance which looked at the switch by the side of the 2nd external terminal 9 is a 
high impedance from the antenna terminal 14. 

[0006] The input signal outputted from the 1st external terminal 8 is inputted into the 3rd external terminal 
10 prepared in the 2nd integrated circuit 102 via the matching circuit 15. Said 3rd external input terminal 
10 is connected to the input of the receiving amplifier 2. In addition, a matching circuit 15 is for taking 
adjustment of the 1st external terminal 8 and the 3rd external terminal 10. The output of the receiving 
amplifier 2 is inputted into a receiving circuit 3, and a recovery is performed. 

[0007] Next, in a send action, a switch 103 is changed, respectively. Namely, as for the switch inserted 
between the antenna terminal 14 and the 1st external terminal 8, the switch of OFF and shunt 
arrangement serves as [ the switch of serial arrangement ] ON. Moreover, it becomes off [ the switch of 
serial arrangement ] switching [ of ON and shunt arrangement ] the switch inserted between the antenna 
terminal 14 and the 2nd external terminal 9. Therefore, the impedance which looked at the switch by the 
side of the 1st external terminal 9 turns into a high impedance from the antenna terminal 14. 
[0008] The sending signal from a sending circuit 5 is amplified with the transmitting amplifier 4, is outputted 
from the 4th external terminal 11. and is inputted into the 2nd external terminal 9 via a matching circuit 15. 
Furthermore, it is outputted from the antenna terminal 14 via a switch 103, and emanates to space from an 
antenna 16. 

[0009] The above is actuation of the conventional transmitter-receiver. 
[0010] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional transmitter- 
receiver, the technical problem that loss of an antenna switch became large occurred. That is, although the 
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switch is inserted in the seri^nh drawing 5 at the signal line, in a swiWning device (for example, bipolar 
diode and an FET transistor) realizable by a monolithic IC etc., an insertion loss becomes large. Therefore, 
when the fall of degradation of receiving sensibility and a transmitting output was produced, or a switching 
device was enlarged so that it may become low loss, in the monolithic IC, the technical problem that a chip 
size became large and cost became high occurred. 

[0011] Moreover, it is necessary to form a matching circuit 15 between an antenna switch, receiving 
amplifier, and transmitting amplifier with the conventional configuration. This is because it is necessary to 
see from an antenna terminal, and the antenna switch by the side of OFF needs to serve as a high 
impedance, so a matching circuit cannot be inserted between an antenna switch and an antenna terminal. 
When preparing a matching circuit out of an integrated circuit, as shown in drawing 5 , the number of 
terminals of an integrated circuit increases, and at least 5 terminals are needed. For this reason, the 
technical problem that costs, such as a package of an integrated circuit, became high occurred- In addition, 
by the monolithic IC, realizing a good inductor component depends the reason for preparing a matching 
circuit out of an integrated circuit on a difficult thing etc. 

[0012] This invention solves the above-mentioned technical problem, the insertion loss of an antenna 
switch is small, and since the number of terminals of an integrated circuit can be lessened, it is low cost 
and aims at offering a highly efficient transmitter-receiver. 
[0013] 

[Means for Solving the Problem] In the transmitter-receiver of this invention The integrated circuit 
equipped with the 3rd and 4th external terminals which connected the other end of the 2nd external 
terminal connected with the 1st external terminal linked to the input of receiving amplifier at the output of 
transmitting amplifier, the 1st and 2nd switches which grounded one end, and said 1st and 2nd switches, 
respectively is used. One end of the 1 st and 2nd reactive elements is connected to the 3rd and 4th 
external terminals, respectively, both the other ends are connected to an antenna terminal, and it is 
constituted. 

[0014] Since the insertion loss of an antenna switch can be reduced since the reactive element besides an 
integrated circuit is used not using the switch arranged to the serial according to the above-mentioned 
invention, and the number of the external terminals of an integrated circuit can also be reduced, a 
transmitter-receiver [ that it is highly efficient and low cost ] is realizable. 
[0015] 

[Embodiment of the Invention] The 3rd and 4th external terminals which connected the other end of the 
2nd external terminal linked to the output of the 1st external terminal and transmitting amplifier linked to 
the input of receiving amplifier and said receiving amplifier, and said transmitting amplifier, the 1st and 2nd 
switches which grounded one end, and said 1st and 2nd switches, respectively It has the integrated circuit 
which it had, and the 1st and 2nd reactive elements and antenna terminals. Said 1st external terminal and 
the 3rd external terminal are connected, and said 2nd external terminal and the 4th external terminal are 
connected. One end of said 1st and 2nd reactive elements is connected to the 3rd and 4th external 
terminals, respectively, it connects with said antenna terminal and the other end of said 1 st and 2nd 
reactive elements is constituted. And since the switching device is not inserted in the serial at a signal 
line, the insertion loss of an antenna switch can be reduced. Moreover, since the number of terminals of an 
integrated circuit is reducible, a transmitter-receiver [ that it is highly efficient and low cost ] is realizable. 
[0016] moreover Receiving amplifier, transmitting amplifier, and one end The integrated circuit equipped 
with the 3rd external terminal which connected the other end of said 2nd switch with the 2nd external 
terminal connected with the 1 st external terminal which connected the 1 st and 2nd grounded switches, the 
input of said receiving amplifier, and the other end of said 1st switch at the output of said transmitting 
amplifier. Have the 1st and 2nd reactive elements and antenna terminals, and said 2nd external terminal 
and the 3rd external terminal are connected. One end of said 1st and 2nd reactive elements is connected 
to the 1st and 3rd external terminals, respectively, it connects with said antenna terminal and the other 
end of said 1st and 2nd reactive elements is constituted. 

[0017] moreover Receiving amplifier, transmitting amplifier, and one end The integrated circuit equipped 
with the 3rd external terminal which connected the other end of said 2nd switch with the 2nd external 
terminal connected with the 1st external terminal which connected the 1st and 2nd grounded switches, the 
output of said transmitting amplifier, and the other end of said 1st switch at the input of said receiving 
amplifier, Have the 1st and 2nd reactive elements and antenna terminals, and said 2nd external terminal 
and the 3rd external terminal are connected. One end of said 1st and 2nd reactive elements is connected 
to the 1st and 3rd external terminals, respectively, it connects with said antenna terminal and the other 
end of said 1st and 2nd reactive elements is constituted. And since the number of terminals of an 
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integrated circuit is further rWlicible. low costHzation can be attaine 
[0018] Moreover, the integrated circuit equipped with the 2nd external terminal which connected the 1st 
external terminal which connected receiving amplifier, transmitting amplifier, the 1st and 2nd switches that 
grounded one end, the input of said receiving amplifier, and the other end of said 1st switch, the output of 
said transmitting amplifier, and the other end of said 2nd switch. It has the 1 st and 2nd reactive elements 
and antenna terminals, and one end of said 1st and 2nd reactive elements is connected to the 1st and 2nd 
external terminals, respectively, it connects with said antenna terminal and the other end of said 1st and 
2nd reactive elements is constituted. And the number of terminals of an integrated circuit is further 
reducible. 

[0019] Moreover, a switch is constituted by the FET component And since a low loss switch can be 
constituted on a monolithic IC, a highly efficient transceiver circuit can be obtained by low cost. 
[0020] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
[0021] (Example 1) Drawing 1 is the block diagram showing the configuration of the example of the 
transmitter-receiver by this invention. In drawing 1 in 1, an integrated circuit and 2 a receiving circuit and 4 
for receiving amplifier and 3 Transmitting amplifier. In 5, a sending circuit and 6 the 2nd switch and 8 for 
the 1st switch and 7 The 1st external terminal, 9 — the 2nd external terminal and 10 — for the 1st 
inductor component and 13, as for an antenna terminal and 15, the 2nd inductor component and 14 are 
[ the 3rd external terminal and 11 / the 4th external terminal and 12 / a matching circuit and 16 ] 
antennas. 

[0022] The receiving amplifier 2, receiving-circuit 3, transmitting amplifier 4, sending-circuit 5 and 1 st, 2nd, 
3rd, and 4th external terminal is constituted by the integrated circuit 1. Here, although an integrated circuit 
1 can also use hybrid ICs, such as pressure membrane IC, the case of the monolithic IC which consisted of 
examples shown here on the semi-conductor substrate is explained. In a monolithic IC, silicon or GaAs can 
be used as a semi-conductor substrate. Moreover, as a component to constitute, the above-mentioned 
mixture can constitute each circuit from a bipolar transistor, FET, or a BiCMOS process. 
[0023] Now, the input signal inputted into the 1st external terminal 8 of an integrated circuit 1 is amplified 
with the receiving amplifier 2, it is inputted into a receiving circuit 3, and a recovery is performed. 
Moreover, after the sending signal from a sending circuit 5 is amplified with the transmitting amplifier 4, it is 
outputted from the 2nd external terminal 9. In order to separate an input signal and a sending signal here, 
an antenna switch is constituted as follows. One end of the 1st and 2nd switches 6 and 7 is grounded, and 
the other end is connected to the 3rd and 4th external terminals 10 and 11, respectively. The 1st external 
terminal 8 and the 3rd external terminal 10 are connected through the matching circuit 15. Moreover, the 
2nd external terminal 9 and the 4th external terminal 11 are connected through the matching circuit 15. 
And the 3rd and 4th external terminals 10 and 11 are connected to the antenna terminal 14 through the 
1st and 2nd inductor components 12 and 13, respectively. An antenna 16 is connected to the antenna 
terminal 14. 

[0024] First, at the time of reception actuation, the 1st switch 6 is set as OFF and the 2nd switch 7 is set 
as ON. At this time, the 4th external terminal 1 1 is connected with a gland too hastily with the 2nd switch 
7, and since it becomes the form where the 2nd inductor component 13 is connected to this, the 
impedance which looked at the 4th external terminal 1 1 side turns into a high impedance from the antenna 
terminal 14. On the other hand, the 1st inductor component 12 and matching circuit 15 are set up so that 
the antenna terminal 14 may have consistency in the input impedance of the receiving amplifier 2 at this 
time. 

[0025] Next, at the time of a send action, ON and the 2nd switch 7 are set up for the 1st switch 6 off. At 
this time, the 3rd external terminal 10 is connected with a gland too hastily with the 1st switch 6, and since 
it becomes the form where the 1 st inductor component 1 2 is connected to this, the impedance which 
looked at the 3rd external terminal 10 side turns into a high impedance from the antenna terminal 14. The 
2nd inductor component 13 and matching circuit 15 are set up so that the antenna terminal 14 may have 
consistency in the output impedance of the transmitting amplifier 4 at this time. 

[0026] Thus, the 2nd inductor component 13 can realize actuation as an antenna switch by working as a 
component of a high impedance [ component / 12 / 1st / inductor ] at the time of a high impedance and 
transmission at the time of reception. And since a matching circuit can be independently constituted from 
a receiving side and a transmitting side, adjustment can be taken to the impedance of the arbitration of a 
receiving amplifier input and a transmitting amplifier output 

[0027] Here, since the 1st and 2nd inductor components 12 and 13 are formed out of an integrated circuit, 
low loss air^core coil components can be used, and a matching circuit can use components, such as a low 
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loss inductor component an^^ capacitor element, similarly, and can reduce an insertion loss sharply. 
Moreover, although the 1st and 2nd switches 6 and 7 are arranged to the shunt to a gland, the effect which 
it has on an insertion loss compared with the case where shunt arrangement is inserted in a serial at a 
signal line is comparatively small. That is, in this example, it can be said that it is effective for reduction of 
an insertion loss to have omitted the switch arranged to the serial at the signal line. 

[0028] Moreover, four terminals can constitute the circuit of the antenna switch circumference from this 
example in the integrated circuit 1. Thus, since the number of terminals of an integrated circuit is 
reducible, it becomes possible to lower costs, such as a package of an integrated circuit. 
[0029] In addition, in this example, although the 1st and 2nd inductor components 12 and 13 were used as 
a reactive element, even if it uses a capacitor element, the same effectiveness can be acquired. 
[0030] Moreover, a low loss antenna switch is realizable by using an FET transistor component as a 
switching device. For example, since on resistance is small compared with a bipolar transistor etc., the 
impedance at the time of ON can become small, and MOS-FET and MES-FET can improve the isolation 
property of an antenna switch, and can reduce the insertion loss by the side of passage. 
[0031] (Example 2) Drawing 2 is the block diagram showing the configuration of the example 2 of the 
transmitter-receiver by this invention. In drawing 2 , 1 7 is a capacitor. The same number was numbered 
and shown about the same component as drawing 1 . The description of this example is the point which 
reduced the number of terminals of an integrated circuit and was used as three terminals. Although the 
configuration of a transmitting side is the same as that of an example 1, the configurations of a receiving 
side differ. One end of the 1st switch 6 is grounded and the other end is connected to the 1st external 
terminal 8 with the input of the receiving amplifier 2. As shown below, also in the configuration of this 
example, reception and transmission can take adjustment. 

[0032] First, at the time of reception actuation, the 1 st switch 6 is set as OFF and the 2nd switch 7 is set 
as ON. At this time, the impedance which looked at the 3rd external terminal 10 side turns into a high 
impedance from the antenna terminal 14. On the other hand, the 1st inductor component 12 and capacitor 
17 are constituted so that the antenna terminal 14 may have consistency in the input impedance of the 
receiving amplifier 2 at this time. Here, adjustment can be performed by connecting a capacitor 17 or an 
inductor to the 1st external terminal 8 or antenna terminal 14 to a gland at a shunt. Moreover, a capacitor 
element may be used instead of the 1st inductor component 12 with the input impedance of the receiving 
amplifier 2. The components connected to a shunt also in this case can use a capacitor and an inductor. 
Thus, a circuit constant is set up so that impedance matching can be taken at the time of reception. 
[0033] Next, ON and the 2nd switch 7 are set up for the 1st switch 6 ofF at the time of a send action. 
Since the circuit constant connected to the shunt connects with the 1st external terminal 8 too hastily 
with the 1st switch 6 at this time, the impedance which looked at the 1st external terminal 8 side becomes 
a high impedance from the 1st antenna terminal 14. And a matching circuit 15 is constituted so that the 
output impedance and the antenna terminal 14 of the transmitting amplifier 4 may have consistency. Here, 
although the capacitor 17 grade is connected to the antenna terminal 14, a matching circuit 15 is 
constituted so that adjustment also including this and the 2nd inductor component 13 can be taken. Since 
a matching circuit 15 can use the circuit of arbitration, it can set up the circuit which takes adjustment to 
the output impedance of all transmitting amplifier. In this example, since the number of terminals of an 
integrated circuit 1 is reducible, a still low cost integrated circuit can be realized and a low cost 
transmitter-receiver can be obtained. 

[0034] (Example 3) Drawing 3 is the block diagram showing the configuration of the example 3 of the 
transmitter-receiver by this invention. Drawing 3 numbered and showed the same number about drawing 1 
and the same component as 2. 

[0035] In this example, the matching circuit 15 is established in the receiving side. It is the same as that of 
an example 2 that a terminal turns into three terminals. The predominance of the direction considered as 
the configuration of this example with the input impedance of the receiving amplifier 2 and the output 
impedance of the transmitting amplifier 4 being able to simplify a matching circuit, or being able to 
suppress loss of a matching circuit is acquired. 

[0036] Moreover, a filter shape can be given to the matching circuit 15 established in the receiving side by 
considering as the configuration of this example to insert circuits, such as a filter, in the preceding 
paragraph of the receiving amplifier 2, for example. On the contrary, in the case of an example 2, the limit 
on circuitry arises to give a filter shape to a receiving side. 

[0037] Therefore, the configuration of an example 2 or an example 3 can be used properly and used by the 
case. 

[0038] (Example 4) Drawing 4 is the block diagram showing the configuration of the example 4 of the 
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transmitter-receiver by this Iwention. In drawing 4 , the same numbe^vas numbered and shown about 
drawing 1 and the same component as 2. The description of this example is having reduced the number of 
terminals of an integrated circuit further, and having considered as two terminals. 

[0039] What is necessary is to set up each constant of the 2nd inductor component 13 and a capacitor 17 
at the time of reception, so that the impedance which looked at the 2nd external terminal 9 side may turn 
into a high impedance from the antenna terminal 14, and just to set up each constant of the 1st inductor 
component 12 and a capacitor 17 at it at the time of transmission, so that the impedance which looked at 
the 1st external terminal 8 side from the antenna terminal 14 may turn into a high impedance. However, by 
this example, since a matching circuit cannot be independently designed by transmission and reception, the 
case where it becomes difficult to design the circuit which fulfills both adjustment can be considered about 
the impedance of the arbitration of receiving amplifier and transmitting amplifier. In this case, it is 
compatible in adjustment by transmission and reception by designing each constant so that the adjustment 
of a transmitting side also including the impedance which could take the adjustment of a receiving side also 
including the impedance which looked at the 2nd external terminal 9 side from the antenna terminal 14 at 
the time of reception, and looked at the 1st external terminal 8 side from the antenna terminal 14 at the 
time of transmission can be taken. That is, it is not necessarily necessary to set up the constant of the 1st 
and 2nd inductor components 12 and 13 so that it may become a high impedance. 

[0040] With the configuration of this example, since the number of terminals of an integrated circuit was 
reduced further, a still low cost transmitter-receiver can be obtained. 

[0041] In addition, about the case of the examples 1, 2, and 3 shown previously, it is not necessary to set 
up the constant of the 1st and 2nd inductor components, either, so that it may not necessarily become a 
high impedance. A constant can be set up and a transmitter-receiver can be constituted so that 
adjustment can be taken by transmission and reception including the 1st and 2nd inductors. . 
[0042] 

[Effect of the Invention] Transmitter-receiver ****** of this invention and the following effectiveness are 
acquired so that clearly from the above explanation. 

[0043] Since the switching device arranged to the serial can be omitted to a signal line and low loss air- 
core coil components can be used for it, the insertion loss of an antenna switch can be reduced sharply. 
And since the number of terminals of an integrated circuit is reducible, costs, such as a package of an 
integrated circuit, can be lowered. 

[0044] Moreover, since the terminals which connect the matching circuit of a receiving side or a 
transmitting side are reduced, a still low cost integrated circuit can be realized and a low cost transmitter- 
receiver can be obtained. 

[0045] Moreover, since the FET transistor component is used as a switching device, the isolation property 
of an antenna switch can be improved and an insertion loss can also be reduced. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the transmitter^receiver in the example 1 of this invention 
[Drawing 2] The block diagram of the transmitter-receiver in the example 2 of this invention 
[Drawing 3] The block diagram of the transmitter-receiver in the example 3 of this invention 
[Drawing 4] The block diagram of the transmitter-receiver in the example 4 of this invention 
[Drawing 5] The block diagram of the conventional transmitter-receiver 
[Description of Notations] 

1 Integrated Circuit 

2 Receiving Amplifier 

3 Receiving Circuit 

4 Transmitting Amplifier 

5 Sending Circuit 

6 1st Switch 

7 2nd Switch 

8 1 st External Terminal 

9 2nd External Terminal 

10 3rd External Terminal 

1 1 4th External Terminal 

1 2 1 st Inductor Component 

13 2nd Inductor Component 

14 Antenna Terminal 

15 Matching Circuit 

1 6 Antenna 

1 7 Capacitor 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



2005/12/13 



JP,11-274971.A [DRAWING 
* NOTICES * 



1/4 ^—iy 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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